
A SIMPLE SHIPPING SYSTEM 

FOR POWER GRADE PLUTONIUM OXIDE 

R. E. Giebel 
R. G. Leebl 

ABSTRACT 

A primary experimental shipping container has 
been developed which utilizes magnesium oxide sand 
for heat transfer purposes. The experimental 
container has been used to ship plutonium oxide 
with a specific pov?er output of ~4 watts per kilo
gram. The primary container was designed to fit 
the bM shipping system which has D.O.T. approval. 
This container was not designed to serve for storage 
purposes and is recommended for shipping only. 

The plutonium oxide Is loaded into the primary 
container which is a nominal 1-1/2 inch diameter by 
b inch long stainless steel pipe with a wall thick
ness of 0.145 Inch. The pipe is fitted with a 
threaded cap and a Teflon*̂ '̂  gasket for sealing 
purposes. The loaded pipe container is removed 
from the glovebox line in a polyvinyl chloride 
(FVC) bag vjhich serves as an alpha contamination 
barrier. The bagged pipe is placed into a No. 901 
mild steel can. The unoccupied annular space in 
the can is filled with magnesium oxide sand and 
the can is sealed with an automatic sealer. The 
sand-filled, sealed 901 can is subsequently placed 
in the bM shipping container for transport off site. 
This shipping arrangement will accommodate about 
800 grams of plutonium oxide per container. 

Construction, utilization, and comparison with 
other shipping systems employed by Rocky Flats are 
discussed. The formulation of design criteria 
based upon heat transfer calculations and 
experimental temperature measurements are also 
reviewed. 
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INTRODUCTION 

Plutonium oxide (PuOg) of high specific power output is 

occasslonally shipped from Dow, Rocky Flats. Plutonium in the 

latest shipment had a '̂**̂ Pu content about three times higher, and 

a ^̂ •̂ Pu content about 8 times higher, than Rocky Plats stream 

Plutonium (®*°Pu - 15f̂  vs 5.7?̂ , S4ipu = y^ vs 0.4^ by weight), 

Americium-241 content was about one percent. Power output as heat 

from this type of PuOg is about 4 watts per kilogram. 

After storage for about three months in a pint metal can, 

2 Kg of this oxide significantly degrades a polyvinyl chloride 

(PVC) cutout bag used as an alpha contamination barrier (Figure l). 

Tne plastic appears charred. This effect is attributed to a 

com.bination of heat and radiation. 

For off site shipment, a packaging system is required vjhich 

Insures integrity of the alpha containment structure (the PVC 

cutout bag). The temperature to which the PVC is subjected must 

be less than 200°P. To accomplish this, the quantity of PuOg 

within a primary container was reduced from 2 Kg and a heat 

transfer medium (magnesium oxide sand) was used to dissipate the 

heat by conduction. 

This report describes the development vjork performed to 

verify that the container system devised would dissipate the heat, 

reduce degradation of the FVC, and prevent subsequent release of 

radioactive contamination. Additional information was sought 

vjhlch could be applied to future shipments of high power output 

plutonium. 
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Figure 1. Charred Polyvinyl Chloride Cutout Bag with Containers 



EXPERIMENTAL 

Schedule 40 stainless steel pipe (1-1/2") was chosen as the 

container for plutonium oxide. Six inch lengths of the pipe are 

welded closed across the bottom and threaded at the top, A pipe 

cap with a Teflon gasket seals the container (Figure 2). This low 

cost, primary container holds about 800 grams of PuOa. 

Various power output levels (from 1,58 to 5,35 watts) were 

attained by filling a modified pipe container (Figure 3) with 

Rocky Flats stream plutonium oxide (2.08 watts per kg) and mixing 

in varying progressively larger quantities of amerlcium-241 oxide 

(92.1 watts per kg) without changing the plutonium base. Seven 

hundred sixty grams of plutonium oxide powder from burned metal 

chips were used as the base naterial. Heat output (I.58 watts) 

was calculated from: l) X-ray fluorescence analysis for plutonium 

content, 2) mass spectroscopy analysis for plutonium isotopic 

content, and 3) radiometric analysis for '̂̂-'•Am content. (See 

Appendix for calculation) . Power output of the ^̂ -'-AmOs was 

determined by calorimetric measurement on a weighed quantity of the 

material. 

The filled primary container was enclosed in a PVC bag, the 

primary alpha containment structure. A heat transfer medium v;as 

considered necessary to remove (conduct) the heat generated and 

prevent excessive heat exposure to the PVC. Magnesium oxide sand 

was selected as the heat transfer medium because of its thermal 

conductivity (k = 0,392 Btu/ft-hr-°F), low cost, and desirable 

properties (non burning, stable, high melting point). Sand was 

poured into the bottom of a -sgoi mild steel can, the PVC covered 

primary pipe container was inserted into the can and additional 

sand vjas added to completely surround the container with about 
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FIGURE 2. Container System for High Specific Power Plutonium Oxide 



K5 

FIGURE 3. 6M Shipping System Modified for Temperature Measurement Experiment 



1 inch of sand (Figure 4), For these experiments, the lid was 

secured with Duxseal* For shipment off site, the can was sealed. 

The '̂ 901 can fits snugly into the pipe container of the 6M ship

ping system (Figure 2 and 3), which has Department of 

Transportation approval , 

Temperature measurements were taken at various locations 

within this shipping system to determine equilibrium temperatures. 

Copper-constantan thermocouples were located throughout the system 

as follows; (Figure 5) 

1, In a well which extended into the center of the oxide, 

2, Against the outside of the primary container, 

3, Outside the 901 can, 

4, Outside the 5M pipe container (inside the Celotex insulation), 

5, Outside the 5M can (ambient). 

A Honeyvjell Model I53 circular chart recorder, range O-lSO^F, 

was used to record ambient temperatures. To record the 

temperatures within the shipping container system, a Leeds ». 

Northrup multipoint strip chart temperature recorder was used,* 

Five experiments were conducted over a power range of I.58 to 

5.35 v/atts by mixing Increasing amounts of ^^^AmOa into the 

Plutonium oxide, as shown in Table 1, 

Table 1, Jfeterlal and Power Levels for 
Temperature Measurements 

Exper imen t" 

1 

2 

3 

4 

5 

W e i g h t , Qra 
PuOs AmOg 

7b 0 

YbO 

YbO 

7b0 

760 

0 

b 

14 

2b 

42 

Power 
PuOg 

1.58 

1.58 

1.58 

1.58 

1,58 

Output 
AmOg 

__ 

0 .55 

1.29 

2 . 3 9 

3 .77 

(Wat t s ) 
T o t a l 

1 .58 

2 . 1 3 

2 . 8 7 

3 . 9 7 

5 .35 

S p e c i f i c Power 
(Wat ts /Kg) 

2.CB 

2 ,78 

3 . 7 1 

5 .05 

6 .68 

'*SodeT~5l5^^^4b2-00~lH^W~l^ 
variable zero, variable scan capability, readout in millivolts. 

250 



'YWi*̂  

*#^ '^ 

*4J4<« 

i^M^mt ifmf ft; 
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FIGURE 5. Thermocouple Locations for 6M Shipping System Experiment 
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Equilibrium temperatures were recorded at each power level. 

After the experiments were completed, the po'wer level of the final 

mixture (7bOg PuOs plus 41g ^̂ •'•AmOg) was measured caloriraetrically. 

Power output vjas determined to be 5«35 watts, in agreement with 

the calculated value snown in Table 1, 

RESULTS 

Equilibrium temperatures, as recorded, are reported in 

Table 2 and plotted against power input in Figure b. Ambient 

temperature vjas not constant but varied between 70 and 79''P, 

Although 5-1/2 inches of Celotex insulated the first internal 

thermocouple, ambient temperature fluctuations appeared to affect 

a thermal equilibrium for the sjrstem. If room temperature did not 

vary, equilibrium could, be reached in 18 to 24 hours. 

Table 2. Equilibrium Temperatures in Shipping System 

Thermocouple 
Location 

Inside 1-1/2" pipe 

Outside 1-1/2" pipe 

Outslae 901 can 

Outside bM pipe 

Ambient temp, at equll, 

1.58 

POWER LEVEL (WATTS) 

2.13 2,87 3.^7 5.35 

TEMPERATURE (°F) 

102 111 122 13b 163 

95 105 115 122 146 

8b 93 98 103 110 

82 90 93 97 105 

72 78 77 74 74 

The same PVC bag was used around the 1-1/2 inch pipe container 

for all experiments. (The outside of the 1-1/2 inch pipe was kept 

free of contamination for these tests) . The bag was in contact 
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vjitn the pipe for over 100 hours at lb3'*P during the final 

experiment and for over 200 hours at 13b''P during the fourth 

experiment. Similar contact times, but at lovjer temperatures, 

were experlencea during the first three runs. The PVC bag did not 

change in texture, appearance, nor apparent strength as a result 

of tne heat and radiation exposures from these experiments. 

DISCUSSION 

Plutonium oxides of high specific power output must be dry 

and free from gas producing compounds to be shipped in sealed 

containers of the type discussed in this report. Otherwise, 

outgassing problems causing high pressure buildup could result 

from tne unvented containment. 

Prior to the repackaging of povjer grade plutonium oxide into 

1-1/2 Inch containers for shipment, heat transfer calculations 

were performed to approximate the temperature to which the PVC 

bag might be exposed as the result of utilizing MgO sand. These 

calculations are presented in the Appendix. 

Equilibrium temperatures at points vjlthin the system appear 

to be straight line functions of the power output. Temperatures 

within the system can therefore be readily estimated. For 

example, the temperature at the outside of the 1-1/2 inch pipe 

(contacting the PVC bag) can be predicted as follows: 

Let 

y = temperature (°P) 

Let 

X = power ( w a t t s ) , 

Slope = 13./"S °F /wa t t s , 

Assume ambient temperature = 75°E? 

then y = 13.75x + 75* 
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An exposure temperature over 200'̂ P Is not recommended for 

PVC in the presence of radiation. To reach a temperature of 200"?, 

nine watts would be required. It may therefore be predicted that 

a power of nine watts could safely be handled by this system 

without exceeding an exposure temperature of 200°P. Based on 
p 

results of work by Adcock , DOT specification bM sets a 10.0 watt 

thermal decay upper heat limit for the bM system. 

Fifteen containers filled with PuOg containing l^-lb% ^*°Pu, 

2-4<̂ ^ ̂ *^P«, and 530-766 grams PuOg per container were success

fully shipped from Rocky Plats to Atlantic Richfield Hanford 

using these containers. Power output was about 2.3 watts per 

container, well below the 9-10 watt limit. 

The FVC bag is the limiting component of this system. 

Concern for its integrity limits the quantity of radic^ctive 

material contained. In long term storage, radiolytic degradation 

of the FVC must be considered. Polyvinyl chloride in the presence 

of heat and radiation is gradually dehydrochlorlnated to 

(-GH=CH-) and hydrochloric acid-^. If the bag could be replaced 

by a superior alpha containment rmterial, the size and capacity 

of the primary container could be Increased, Magnesium oxide sand 

appears to be a good choice for a material to conduct heat away 

from the primary container. 

This system is not intended for storage because of the 

limited integrity of the FVC bag. The system should be unpacked 

as soon as practical after receipt. The secondary 901 container 

should be removed from the Insulative atmosphere and stored in an 

atmosphere conducive to the removal of heat. The contents should 

be removed from the shipping system v;ithin two months of the 

packing date. 
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The containment system described appears to be very 

satisfactory for shipping power grade plutonium oxide. The 

components used (a threaded pipe container surrounded with MgO 

sand and sealed in a *-901 can) do not require any expensive 

construction and are very adaptable to the bM shipping system. 

The cost of this simple system is very reasonable and the 

components are readily available. The system can be applied to 

packaging other high specific power materials. If the power 

output can be calculated, or measured, temperatures within the 

system can be predicted from data contained in this report. The 

concepts of this study can also be translated to the shipping of 

other materials in other types of shipping systems. 
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APPENDIX 

Calculations 

1. Determination of Power Output of 760g of PUO2 

Data: 

4 Pu assay = 0.870 g/g Power Output (watts/gram) 

2 4^Am assay = 6.56 x lO"* g/g zi^Ara = 0.1145 

23Rpu = 0.011 wt % 2S8pu = 0.567 

239pu = 93.708 wt % 239pu = 0.001931 

240pu = 5.875 wt % 2iOPu = 0.007097 

2 4ipu = 0.387 wt % 2 4ipu = 0.00362 

2^2Pu = 0.019 wt % 

Contained weight of each isotope times its power output 
equals its power contribution. Example: contribution of 
239pu = 93.708 X 760 x 0,001931 = 1.375 watts. 

Total heat output (summation) for 760g PuOj = 1.58 watts 

2. Estimate of Temperature (t) Expected at Surface of Primary 
Pipe Container* 

(1) 

(2) 

q = 

Uo = 

UQAO At 

Jrl TQ 
k i A , 

1% 

1 
+ Arj 

k2 A^ 
Im^ 

+ 1 

ho 

Where: q = heat transferred by conduction (Btu/hr) 

outside overall 
(Btu/hr-ft2-°F) 

UQ = outside overall heat transfer coefficient 

AQ = outside surface area (ft^) = 2TTr3L-|_ or 
ZirrgLg 

At ~ temperature at surface of primary pipe 

container, minus ambient temperature (°F) 

r^ = outside radius of primary pipe container (ft) 

rj = outside radius of 901 can (ft) 

r3 = outside radius of 6M container (ft) 

A, = logarithmic mean area for MgO and Celotex (ft ) 

Ari = thickness of MgO = r^-r^ (ft) 

Ar2 "" thickness of Celotex = rg-r2 (ft) 

-"••The authors appreciate the assistance of Dr. R, L, Sandvig in 
developing these calculations. 
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k^ = thermal conductivity of MgO (Btu/ft-hr-°F) 

kj = thermal conductivity of Celotex (Btu/ft-hr-°F) 

hn = film coefficient between outside container and 0 

air (Btu/ft^-hr-°F) 

q = 2 watts = 6.83 Btu/hr 

Assume: (1) q = 2 watts = 6,83 Btu/hr 

(2) To calculate UQ, heat transfer occurs only radially 
through a cylinder (primary pipe container) of 
length (Li). 

(3) To calculate At (from calculated U Q ) , increase length 
of cylinder to total height of Celotex in order to 
realize a more realistic AQ. 

Ambient temperature = 75°F 

ri = 0.079 ft ki = 0.392 Btu/ft-hr~°F 

rj = 0.169 ft kj = 0.0292 Btu/ft-hr-°F 

rg = 0.625 ft 

Li = 0.542 ft 

Lg = 1. 5 ft 

A^ = 2TTr, Li A, = 2xrr^ L, 
Imj. Ira^ ^ Img Iraj ^ 

W h e r e : r , = v. W h e r e : r , 
Imi I n I X Iraj ^^ r ^ 

ho p:« 5 B t u / f t ~ h r - ° F 

From t h e s e d a t a : 

AQ^ = 2TTr3Li = 2 . 1 3 f t^ 

lm]_ 
A, = 0 .402 ft^ 

A, = 1.187 ft2 

lm2 

UQ = 0.034 ( B t u / f t 2 - h r - ° F ) 

Us ing t h e c a l c u l a t e d UQ t o f i n d At: 

AQ = 2TTr3L2 = 5.89 ft^ 
At = 34°F 

t = 34 + 75 = 109°F 
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From exper imenta l ly measured values (Figure 6), 

y = I3.75x + 75 

Where: y = °F, x = wat t s , y = 13.75(2) + 75 = 103-1/2°F 
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